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Fentanyl containing aerosol compositions.

This invention relates to analgesic formulations and
in particular to analgesic formulations comprising
fentanyl suifable for administration by inhalation.

Narcotic analgesics are used to relieve moderate to
severe pain, particularly of a visceral origin.  The
narcotic analgesics are generally administered by sub-
cutaneous, intra-muscular or intravenous injection, or
orally in the form of elixirs, tablets (optionally
sublingual) and capsules, or by rectal administration in
the form of suppositories. In the case of patients who
are hospitalised narcotic analgesics are ofteh
administered in the form of saline drips. ‘

Since the metered dose pressurised inhaler was
introduced in the mid 1950's, -inhalation has become the
most widely used route for deliVering bronchodilator drugs
and steroids to the airways of asthmatic patients.
Compared with oral administration of bronchodilators,
inhalation offers a rapid onset of action and a low
instance of systemic side effects. More recently,
inhalation from a pressurised inhaler has been a route
selected for the administration of other drugs, e.g.,
ergotamine, which are not primarily concerned with
treatment of a bronchial malady. |

Varioﬁs publications, e.g., British Patents Nos.
830426, 837465, 994734 and 2125426; European Patent Nos.
0162239 and WO86/04233 which relate to self-propelling
pharmaceutical compositions.for administration from
pressurised inhalers disclose the possibility of employing
an analgesic such as morphine, diamorphine and
buprenorphine hydrochloride in such formulations although
there is no disclosure of any speéific formulations

' containing .such analgesics nor any indication of their
efficiency when administered by inhalation.

INSDOCID: <WO___8007333A1_I_>
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It has now been found that morphine and diamorphine
hydrochloride are considerably less potent when
administered by inhalation using self-propelling aerosol
compositions than might have beenlexpected from the known
intravenous dosing data. It has also been found that
fentanyl and in particular fentanyl citrate exhibits a
potent, quick acting effect when. administered by
inhalation from a self-propelling aerosol formulation.

Therefore according te the present invention there is
provided an aerosol formulation comprising fentanyl or a
pﬁysiologically acceptable derivative thereof dispersed
or dissolved in an aerosol propellant.-

The invention also provides a pressurised aerosol
inhaler comprising a container, conﬁaining an aerosol
formulation as defined above, and a vaive capable of
dispensing metered doses of the formulation. The
pressurised aérosol.preferably incorporates the means to
control the dssing frequency from the valve such that not
more than -a predetermined maximum number of doses may be
dispensed within a set period of time. Such a
pressurised inhaler allows the maximum dosage frequency
available to the patient to be pre-set, whilst insuring
the patient cannot receiye an overdose. The inhaler
provides the benefits of on-demand dosing for thevpatient
with dosage control, and may be used both in hospitals and
homes without requiring medical personnel to administer
each dose.

The formulations used in the invention contain -
fentanyl or a derivative thereof either in solution or
suspension in .the aerosol propellarit system, optionally in
the presence of a cosolvent. The solvent for fentanyl
will generally be present'in an amount in the range 5 to
25% by weight of the composition. The compositions may
additionally comprise one or more surface active agents,
for example oleic acids, complex esters and ester-ethers,
e.g., sorbitan trioleate, épan 85, lecithins such as
Epikuron 200, and fluorinated surfactants. The weight
ratio of surface active agent to fentanyl is generally in
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the range 1 : 100 to 10 : 1. The concentration of
fentanyl will generally be within the range 0.05 to 5.00%,
' preferably 0.1 to 1.0%, by weight based on the total
composition.
¢ " A wide rangé of propellants may be used in the
aeroscol formulations of the invention including:

Propellant 11 trichloromonofluoromethane
Propellant 12 dichlorodifluoromethane

Propellant 13 monochlorotrifluoromethane
Propellant 21 dichloromonofluoromethane

Propellant 22 monochlorodifluoromethane

Propellant 113 trichlorotrifluoroethane

Propellant 114 dichlorotetrafluoroethane

Propellant 115 mohochloropentafluoroethane
Propellant 134a 1,1,1,2-tetrafluoroethane

Propellant 500 azeotrope of dichlorodifluoromethane

and 1,1-difluoroethane

In addition to chlorofluorocarbon aerosol propellants:
the formulations may contain other propellants, for
example, DME (dimethylether), hydrocarbons and
perfluorocarbons. ‘

One preferred propellant system is disclosed in our
co-pending British Patent Application No. 8828477.3 and
comprises 1,1,1,2-tetraflucroethane, a surface active
agent and at least one compound having a higher polarity
than 1,1,1,2-tetrafluoroethane. Suitable compounds having
a higher polarity than 1,%,1,2-tetrafluoroethane include
alcohols, such as ethyl alcohol, isopropyl alcohol,
propylene glycol, hydrocarbons such as propane, butane;
isobutane, pentane, isopentane, neopentane, and mixtures
thereof. The 1,1,1,2-tetrafluofoethane preferably

' comprises at least 50% by weight of the formulation,
preferably from 60 to 95% by weight of the formulation.

" The weight ratio of 1,1,1,2—tetrafluoroethane to the
compound of higher polarity is generally in the range
50 : 50 to 90: 1, preferably 70 : 30 to 98 : 2, more

preferably 85 : 15 to 95 : 5.

INSDOCID: <WO___8007333A1_I_>



o rurviass , _ PCT/GB90/00015

In an alternative system the fentanyl or derivative
thereof in the form of a finely divided solid is coated
with a dry coating of a perfluorinated surface-active
dispersing agent and thereafter mixed with an aerosol
propellant. Such systems are disclosed generally in U.S.
Patent No. 4,352,789. The preferred propellant for such
formulation is'1,l,l,z-tetrafluoroethane, preferably with
an adjuvant having a polarity egqual to or lower than the
polarity of 1,1,1,2-tetrafluoroethane. 4 .

Suitable adjuvants having a polarity equal to or
lower than Propellant 134a include perfluorinated organic
compounds such as perfluorinated alkanes and cycloalkanes.
Specific examples of adjuvants include perfluoropropane,
perfluorobutane, perfluorocyclobutane, perfluoropentane,
perfluorohexane, perfluorotributylamine,
perfluoromethylcyclohexane and perfluorodecalin. Such
compositions generally comprise from 0.001 to 20% by
weight of finély-divided solid fentanyl coated with a
perfluorinated surface-active dispersiné agent which
constitutes at least 0.001%, normally 0.001 to 50%,
preferably 0.001 to 20% by weight of the coated solid
material, and suspended in an aerosol propellant
comprising 1,1,1,2-tetrafluoroethane and an.adjuvant
having a polarity equal to or lower than that of 1,1,1,2-
tetrafluorocethane. ’

The perfluorinated .surface-active dispersing agents'
(hereinafter referred to as "“perfluorinated surfactants"
or "surfactants") are substantially insoluble in the
propellant. This insolubility is due to the relatively
ionic character of one -end of the surfactant molecuie.
This ionic group is compatible with the solid powdered
material and enables the surfactant to wet the solid
material. Although the perfluorinated surfactant is
insoluble in the propellant, when coated on the solid
material, the outermost perfluorinated groups of the
surfactant allow the solid coated material to be dispersed
in the propellant due to the compatibility between the
perfluorinated groups and the propellant.

3NSDOCID: <WO__B007333A1_I_>
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Perfluorinated surfactants most useful in the
compositions of the present invention include
‘ perfluorinated alcohol phosphate esters and their salts;
perfluorinated sulfonamide alcohol phosphate esters and
’ their salts: perfluorinated alkyl sulfonamide alkylene
guaternary ammonium salts; N,N-(carboxyl-substituted
lower alkyl) perfluorinated alkyl sulfonamides; and
mixtures thereof. By "perfluorinated" it is meant that
the surfactant contains at least one perfluorinated alkyl
group. Particularly preferred perfluorinated alcohol
phosphate esters are the free acids of the diethanclamine
salts of mono- and bis(1H,1H,2H,2H-perfluoroalkyl)
phosphates. The phosphate salts, available under the
trade name "Zonyl RP" from E. I Dupont de Nemours and
Company, Wilmington, Del., are converted to the

corresponding free acids. ‘
Preferred perfluorinated sulfonamide alcochol

phosphate esters are described in U.S. Patent No.
3,094,547, and have the general formula:
o
[R£SO,N (R)R'O] P (OH) 3-p
in which:; ‘ .

R is hydrogen or an alkyl group having from 1 to
about 12, preferably from 1 to 6, carbon atoms; R' is an
alkylene bridging group containing 2 to about 12 carbon
atoms, preferably from 2 to 8 carbon atoms; Rg is a
perfluorinated radical selected from perfluoroaliphatic
groups of genefal formula ChFop4q OF
perfluorocycloaliphatic groups of general formula
CpFon-1 in which; n is an integer from 1 to 18, ‘
preferably from 6 to 12, and m is an integer from 1 to 3.

Although the mono=-, di- and triesters are useful,
the diester is most readily available commercially.
Particularly prefefred perfluorinated sulfanomide alcohol
phosphate esters and salts of these include perfluoro-n-
octyl-N-ethylsulfonamidoethyl phosphate, bis(perfluoro-n-
octyl-N-ethylsulfonamidoethyl)phosphate, the ammonium

INSDOCID: <WO___8007333A1_1_>
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salt of bis(perfluoro-n-octyl~-N-ethyl-sulfonamidoethyl)
phosphate, bis(perfluorodecyl-N-ethylsulfonamidoethyl)
phosphate and bis(perfluorohexyl-N-ethylsulfonamidoethyl)
phoéphate. The above named preferred surfactants are of
particular use in medicinal aerosol compositions due to
their non-irritating and non-toxic nature.

The preferred ﬁErfluorinated alkyl sulfonamide
alkylene guaternary ammonium salt for use in the
preparation of aerosol medicaments according to the
present invention is N,N-dimethyl-N-decyl-N-(perfluoro-n-
octylsulfonamidopropyl)ammonium bromide. |

A preferred N,N-bis(carboxyl-substituted lower
alkyl)perfluorinated alkyl sulfonamide for use with
medicaments in aerosol compositions of the present
invention is N,N-bis(4-carboxyl-n-butylperfluoro-n-
octylsulfonamide).

The perfluorinated surfactant constitutes at least
0.001% and generally up to 50%, usually up.to 20%,
desirably between O.l.énd 5%, and preferably, for
medicinal purposes, between 0.1 and 1% by weight of the
solid material to be suspended. However, the minimum
amount of perfluorinated surfactant required is dependent
upon the concentration of solid material present. For
best results, the concentration of perfluorinated
surface-active agent is kept at a minimum as it may tend
to increase the droplet size of the aerosdl particlgs.

The particle size of the powder should desirébly be
no greater than 100um diameter, since larger particles may
tend to agglomerate, sépa:ate from the suspension and may
clog the valve or orifice of the container. Preferably
the particle size should be less than 25um in diameter.
Desirably the particle size of the finely-divided solid
powder should for physiological reasons be less than 25um
and preferably less than about 10um in diameter. The
particle size of the powder for inhalation therapy should
preferébly be in the range 2 to 10 microns. |

-
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The finely-divided solid material may constitute up
to about 20% by weight of the total composition.
Desirably it shall constitute up to 10%, generally up to

' 5% and preferably up to 3%, by weight of the total
. compesition. The minimum concentration of the solid
material is governed by its specific activity and in the
case of highly active material can be as low as 0.001% by
weight of the total composition although a concentration
of 0.01% is preferred.

It is also possible to coat fihely divided solid
fentanyl or derivatives thereof with non-perfluorinated
surface-active agents in similar manner and thereafter mix
with a wide range of aerosol propellants. Propellant 134a
is preferred because of its ozone friendly properties.

Other propellant systems which may be employed
include mixtures of aerosol propellants. General
'concentration‘ranges for specific propellants which may be

employed in admixtures are as follows:

Propellant 11 : 15 to 25% by weight
Propellant 12 : 50 to 90% by weight
Propellant 22 : 5 to 50% by weight

The aerosol formulations of the invention-are
preferably used in a pressurised aerosol inhaler
comprising a container and a valve capable of dispensing
doses of the formulation, in which the inhaler
additionally comprises means to control the dosing
frequency from the val#e.- :

The control means preferably comprises an electronic
timing device associated with means to preﬁent actuation
of the valve of the pressurised.aerosol inhaler such that
the inhaler may be disabled until the end of a controlled

' period of time during which a pre-set maximum number of
doses have been dispensed. The electronic time control of

L ' the dosing fregquency can take either of the following

forms:

INSDOCID: <WO___8007333A1_I_>
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(i) The patient can take from 1 to 'N' doses at the start
of the control period 'T'. The clock starts when the
firét dose is dispensed; the patient then has a shorter
period 't' to take further doses up to 'N'. The device
then locks out for the remainder of the control‘period

b L

(ii) The patient can take up to 'N' doses during the
whole of the control period. The clock starts at the
first dose in a new control period.

Option (ii) is the preferred dosage-control mode for
most situations. The control period, 'T', and the _
maximum .number of doses 'N' can be either factbry pre-set
or adjustable by medical or nursing staff. The inhaler
device may have provision for internal adjustment of these
control parameters. Alternatively, the controls may be
positioned externally'using ohe-way rotary switches which
allow only increase of time 'T' and reduction of the
maximum numbei of doses 'N!' to prevent 6verdosage. The
parameters may be set to ensure a sufficient time has
elapsed for a dose to take-effect before the patient may
take a further dose. o ' ] :

A further control feature which may be incorporated
in the device is a locking mechanism designed to effect
permanent disablement of the device after the label-clainm
number of doses has been dispensed, thus allowing precise
control of the number of doses available from each aerocsol
container. |

A further feature which may be incorporated into the
inhaler device is a liquid crystal display which may
display a variety of information, for example:

(a) the balance of the label~claim number of doses
remaining in the aerosol canister,

(b) the time remaining in the current contrel period,
and,

(c) the number of available doses remaining in the
current control period.
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Suitable inhaler devices are shown in the

accompanying drawings in which:
| Figure 1 represents a diagram of an inhaler, and,

Figure 2 represents a block diagram of an electrical
circuit for use in the inhaler of Figure 1.

Referring to Figures 1 and 3 of the accompanying
drawings, the inhalation devices comprise a housing 2
accommodating an aerosol container 4 having a dispensing
valve 6. The aerosol container 4 is mounted vertically

- with the outlet valve 6 positioned within a nozzle block

8. The housing 2 has a mouthpiece 10 which may be adapted
by the provision of a nasal adaptor if the medicament is
to be administered via the nose. In use, the patient
inhales via the mouthpiece 10, initiating movement of the
container relative to the valve, causing a dose of
medicament to be fired from the valve, through the nozzle
block, into the mouthpiece, and thence into the lungs as
the patient inhales. o

In the inhaler shown in Figure 1, the start of
inhalation is sensed by a precision-moulded triggering
mechanism which responds to an inhalation flow rate of
about 30 litres/minute. The triggering mechanism
comprises a vane 20 associated with a locking device

‘acting on the nozzle block B, allowing actuation of the

INSDOCID: «<WO__8007333A1_1_>

aerosol device only during inhalation. Examples of such
arrangements are disclosed in- Eurcpean Patent No.
0147028B. Force is first appiied to the aerosol container
by the manual raising of cocking lever 22. However, when
the device is locked-out by the control means the cocking
force will not facilitate actuation of the valve since

movement of the vane of the triggering mechanism is

‘blocked by lever 24.

When doses are available to the patient, the control
means causes operation of the solenoid 26, causing lever
28 to be pushed forwards and its hooked end to engage
within an aperture in lever 24. When cocking lever 22 is
then raised, levers 28 and 24 are also raised, so freeing
the triggering mechanism for operation. Inhalation will
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then move the vane, freeing the nozzle block and allowing
the cocking force to move the container relative to the
valve, thereby firing the aerosol valve and delivering a
dose of medicament. ‘

The electronic circuitry is illustrated in
diagrammatical form in Figure 2 and comprises an
integrated circuit incorporating a clock regulated by a
separate quartz crystal oscillator. The bi-stable d.c.
solenoid is controlled via a power switch comprising field
effect transistors (F.E.T's). The circuit includes a
control switch for selecting the control period 'T', the
dosage period 't!' and the number of doses 'N*. A llquld
crystal display is provided to display one or more types
of information defined herein before. The electronic
circuitry may'readily be reduced to a chip and printed
circuit board for accommodation within the device as shown
at 13. A battery 15 provides the necessary power. The
liquid crystal display may be positioned at any suitable
place on the housing.

The entire inhalation device may be compacted and the
outer dimensions of the housing may be of the order of
90 mm X 60 mm X 30 mm.

The inhaler may be provided in either a disposable or
re-usable form. In the former case the device is
completely sealed to prevent access to the aerosol
canistef._ In the latter, it is openable but has a
locking mechanism to prevent unauthorised opening. This
lock may be either mechanical or take the form of a code-
operated electronic lock integrated with the device's
electronic circuitry.

' The invention will now be illustrated by the
following examples.

The fentanyl citrate employed in the Examples

.contalned 64% of the anhydrous base.
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Example 1
‘The following formulations were prepared:
' } can can
Fentanyl citrate 0.0031 0.0031
s Span 85 0.0069 (0.1%) 0.0343 (0.5%)
Ethanol (21%w/w) 1.4417 1.4143
Propellant 12 5.4183 5.4183
Total 6.87 6.87
Fentanyl citrate 0.075 0.075
Span 85 0.658 -
Epikuron 200 , - 0.600
Propellant 11 7.504 7.504
Propellant 12 24.714 . 24.773
Total 32.951 32.952

All formulations were filled into glass bottles equipped
with non—metefing valves.
The formulation containing Epikuron 200 formed a
solution.
Example 2
The following suspension formulations were prepared:
0.5%Span 0.4%Span 0.2%Span 0.1%Span

can can ) can can
Fentanyl citrate 0.0748 0.0748 0.0748 0.0748
Span 85 ~ 0.1648 0.1318 0.0659 0.0330
Propellant 11 . 7.9998 8.0314 8.0873 8.1302
Propellant 12 24.7140 24.7140 24.7140 24.7140
Total 32.9534 32.952 32.952 .32.952

The formulations were filled into glass bottles fitted

with non-metering valves. Suséension.formulations having
. a high Span content exhibited a reduced tendency to

agglomerate compared with formulations havihg a lower

’ Span content.

INSDOCID: <WO___8007333A1 | >
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Example 3

The following suspension formulation was prepared:

. . can
Fentanyl citrate 0.0187
Span 85 0.0412
Propellant 11 1.9996
Propellant 12 6.1785
Total 8.2380

The formulation was filled into 5ml plain aluminium vials
fitted with 50 ul valves using a 2 stage pressure fitting
in which the non-volatile components were admixed and
introduced into the wvial, the valve crimped in place and
the volatile propellant 1ntroduced into the vial through
the valve under pressure.
Dosage can be varied by varying the valve size as
follows: )

Valve Size Dose Per Shot

25u1 ' 50pg-
50ul io0pg
63ul . l2éug

100ul . 200ug
Example 4

-Formulations were calculated for a delivery of 100ug of

base perﬂshot when a 50ul valve was fitted, and for a
£ill weight of 16g. The suspensions were filled into
polyethylene terephthalate bottles to allow the
appearance of the gross formulation to be studied. All
units were prepared by two-stage pressure fllllng.

The following stable suspensions contained Propellant
134a and ethanol in a weight raﬁio of 90 : 10.

0.1% w/w Span 85

mg/ml
Fentanyl citrate 3.1250
Span 85 1.1610
Ethanol 115.6714 7
Propellant 134a 1041.0426
Total 1161.0000

___8007333A%_I_>
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0.3% w/w_Span 85

Fenianyl citrate
Span 85

Ethanol
Propellant 134a
Total

0.5% w/w _Span 85

Fentanyl citrate
Span 85

Ethanol
Propellant 134a
Total

0.01% w/w _Span 85

Fentanyl citrate
Span 85

Ethanol
Propellant 134a
Total

0.02% w/w_Span 85

INSDOCID: <WO___9007333A1_1_>

Fentanyl citrate
Span 85

Ethanol
Propellant 134a
Total

mg/ml
3.1250
3.4830
115.4392

1038.9528
1161.0000

mg/ml.

3.1250
5.8050
115.2070

1036.8630
1161.0000

mg/ml
3.1250
0.1161
115.7759

1041.9830
1161.0000

mg/ml
3.1250
0.2322
115.7643

1041.8785
41161.0000

13
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0.05% w/w_Span 85

: mg/ml
Fentanyl citrate 3.1250
Span 85 0.5805
Ethanol 115.7294
Propellant 134a 1041.5651
Total 1161.0000

Example 5

The following stable suspensions were prepared as in
Example 4 and contained Propellant 134a and n-Pentane in
a ratio of 90 : 10.

0.1% w/w_Span 85

Fentanyl citrate
Span 85

Pentane
Propellant 134a
Total '

0.3% w/w Span 85

Fentanyl citrate
Span 85

Pentane .
Propellant 134a
Total

0.5% w/w _Span 85

Fentanyl citrate

Span 85

Pentane
Propellant 134a
Total

mg/ml
3.1250
1.1610
115.6714

1041.0426 -

1161.0000

mg/ml
3.1250
3.4830
115.4392

1038.2528

1161.0000

mg/ml
3.1250
5.8050
115.2070
1036.8630

1161.0000°

-

"



LI R PR VP

ration of 95 : 5.
0.1% w/w_Span 85

Fentanyl citrate
Span 85
Propellant 11
Propellant 134a
Total

0.2% w/w Span 85

Fentanyl citrate
Span 85
Propellant 11
Propellant 134a
~Total

15

Example 6
The following suspensions were prepared as in Example 4

and contained Propellant 134a and Propellant 11 in a

mg/ml
3.1250
1.1610
57.8357

1098.8783
1161.0000

‘mg/ml
3.1250
2.3220
»57.7776

1087.7754
1161.0000

Example 7
Fentanyl citrate formulations of the invention were

compared with morphine sulphate, morphine base ‘and
diamorphine hydrochloride formulations presented as
metgred-dose inhalation aerosols in various single-dose

FUL/GBYU/UUULS

and repeat—dosejaxpgriments in rodent and non-rodent

species.

The comparative formulations were as follows.

~ Diamorphine HCI

Span 85 (20% of drug)

Propellant 11
Propellant 12
Total

INSDOCID: <WO___S007333A1_I_>

can
0.063
0.013

1.640
5.145
6.860

(10% drug overage)
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Morphine Sulphate 0.147
Span 85 0.034
Proﬁellant 11 1.534
Propellant 12 5.145
Total ‘ 6.860
Morphine base 0.1200
Span 85 0.0412
Propellant 11 1.8983
Propellant 12 : 6.1785 i
Total 8.2380

Each formulation was filled into 5ml vials equipped with
50u1 dispensing valves.
Rodent TInhalation Exposure Procedure

The system consisted of an aluminium cylindrical
chamber of'approximately 41.5 litre volume. It was
fitted with a flat top which supported an electrically
driven mechanism, capable of actuating up to six inverted
metered-dose inhaler (MDI) aerosol cans simultaneously.
The duration and frequency.oonperation was controlled by
a time switch.

The MDI can nozzles opened directly into the ‘
exposure chamber where the administered aerosol dose was
mixed and dispersed by a regulated constant supply of
clean dry air. An extract duct at the base of the
chamber was connected via a filter to a vacuum system.
The pressure within the chamber was maintained just below
atmospheric pressure. '

MDI cans were selected, weighed and inverted in the
template of the actuating mechanism. The ram mechanism
was positioned to cover the bases of the cans so that
each downward stroke of the ram would actuate. the cans
causing them to fire simultaneously into the exposure
chamber. |
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Each rodent was held in an individual, tapered,

polycarbonate restraint tube, fitted onto the exposure
* chaﬁber and sealed by means of a push fit through a

rubber 'O' ring. Only the animal's nose was exposed to
. the test atmosphere.

Animals were observed both during and following
dosing for -clinical signs of drug effect. '
Non-RodentVInhalation Exposure Procedure

Inhalation dosing to Beagle dogs was performed using
a dosing apparatus, comprising a mouthpiece, face'mask,
and modified MDI. The mouthpiece was located inside the
animal's mouth on top of the tongue, and the face mask,
incorporating the mouthpiece, sealed around the dog's
snout by means of a rubber sleeve. The mask was
connected via a one-way flap valve and exhaust tube to an
extract system. The modified MDI was attached by a puSh
fit connection to the distal end of the mouthpiece.

When assembled and fitted to the dog the animals'
respiratory cycle was clearly indicated by the movement
of the one-way flap valve. The MDI can was actuated
manually in the normal way, by downward pressure at a
time to coincide with inspiration.

Non-Rodent Intranasal Exposure Procedure

Animals were dosed by direct application of the test

material into each nostril by means of an adaptor fitted

to the MDI.
Results .
Rodents

Fentanyl citrate in formulation of Example 3

Single Exposure Period
Using six cans firing at six shots per ninute for a
B single-exposure period between three and ten minutes, the

animals showed gradual sedation and eventually exhibited.

s . .
. marked narcosis by ten minutes.

INSDOCID: <WO__S007333A1_I_>
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Muitiple exposure period
Using six cans firing at six shots per minute for

three ten minute exposures daily for up to five days,
marked narcosis or sedation was observed for all animals

for up to two hours post exposure (see Table '1).

Diamorphine hvdrochloride

Using six cans firing at six shots per minute for a
single—~exposure period between ten and fifteen minutes,
no overt pharmacological effects were noted. Animals
showed a slight reduction in respiratory rate during
exposure and slight salivation following exposure for a
short time. Post exposure animals were slightly
subdued.
Morphine sulphate "

Animals were exposed to an atmosphere generated from
six cans actuated at a rate of six shots per minute for a
period of ten or sixty minutes. There was no observable
effect seen in the behaviour of the animals following the
ten minute exposure. During the second exposure, the
rate of respiration dropped and following exposure the
animals appeared to be very slightly subdued and easily
startled. ' .
Non-Rodent

" Fentanvl citrate in Formulation of Example 3

BNSDOCID: «<WO___S007333A1_I_>

Single exposure

Administration of test material was performed, by
the inhalation and intranasal routes. Doses
administered ranged from 8 to 25 actuations per session
for the inhalation administration and from 5 to 35 V
actuations per session for the intranasal route of
administration. Following inhélation, fentanyl citrate
caused rapid and marked sedation with the effect lasting
for at least one hour at high doses. Similar
observations were seen following intranasal
administration.’

"
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Multiple-exposure period

Animals were treated with a nominal dose of
‘ O.lémg.kg fentanyl three times daily over a five day
period. Toc achieve the correct dose, animals were
< weighed daily, and the body weight used to calculate the
requisite number of metered dose aerosol actuations to be
administered. (Results are shown in Table 2).
Diamo;ghine hydrochloride
A nominal dose of 30mg diamorphine hydrochloride
administered by the inhalation route caused sedation in 1
out of 2 dogs. However, subsequent administration of the
high dose formulation at similar or higher nominal doses,
failed to produce signs of sedation in either animal. 1In
subéequent experiments a nominal dose of 8 - 9 mg/Kg
diamorphine hydrochloride administered intrahasally, was
capable of producing a marked degree of sedation in dogs
whilst a nominal dose of 10 - 13 mg/Kg administered over
three sessions caused a constant state of sedation
throughout the whole dosing period. :

Morphine base :
Animals appeared normal following inhalation of a

nominal dose of 6.5 mg/Kg. Clear signs of sedation were
noted after a nominal dose of 13.0 mg/Kg was
administered. These signe persisted for at least two
hours. No drug related effects were seen following
intranasal administration of 225 actuations over a 35

minute period.

Morphine sulphate
A total daily dose of 450 actuations of the lower

concentration formulation were administered by the
intranasal route. Minimal drug-felated clinical signs
) were observed during and following treatment. Up to 330
actuations of the higher concentration formulation were
s also administéred intranasally. At the higher dose,
animals exhibited a reduced pupillary constriction on
reflex to a light stimulus, became subdued and slightly

sedated.

INSDOCID: <WO___8007333A1_1_>
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Fentanyl citrate has been demonstrated in two animal
models to be a highly potent, quick acting compound with
pharmacological actions peréisting for about two hours.

These properties make it a good candidate for
developing into a patient controlled analgesia dosage
form for administratioﬁ via the inhalation route.
Morphine base and Morphine sulphate preparations did not
show a suitable rapid onset of action, and were
considerably less potent by the inhalation route than
might have been expected from the intravenous dosing
data. '

B8NSDOCID: <WO__9007333A1_|_>
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CLATMS
1. An aerosol formulation comprising fentanyl or a
physiologically acceptable derivative thereof dispersed
or dissolved in an aerosol propellant.
2. ' an aerosol formulation as claimed in Claim 1
comprising fentanyl‘citrate. '
3. An aerosol formulation as claimed in Claim 1 or
Claim 2 in which fentanyl or a physiologically acceptable
derivative thereof is present in an amount of from 0.05%
to 1.0% by weight of the total composition.
4. An aerosol formulation as claimed in any preceding
claim which additionally comprises a solvent for fentanyl
in an amount within the range from 5 to 25% by weight
based on the total composition.
5. An aerosol formulation as claimed in ‘any p:eCeding
claim which additionally comprises a surface active
agent, in which the weight ratio of surface active agent
to fentanyl is in the range 1 : 100 to 10 : 1. _
6. An aerosol formulatién as claimed in Claim 5 in
which the surface active agent is selected from sorbitan
trioleate, oleic acid, lecithin and fluorinated
surfactants.
7. An aerosol formulation as claimed in any preceding
claim which comprises one or more of the following
propellants at a concentration within the following
range: .
from 15 to 25% by.weight Propellant'ii;” 

from 50 to 90% by weight Propellant 12, ana,

from 5 to 50% by weight Propellant 22.
8. An aerosol composition as claimed in any one of
Claims 1 to 6 in which the aerdsol propellant comprises
1,1,1,2-tetrafluoroethane, which is preseht in an amount
of at least 50% by weight of the formulation.
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9. An aerosol composition as claimed in Claim 8 which
comprises 1,1,]1,2-tetrafluoroethane, a surface active
agent and at least one adjuvant having a polarity higher

than 1,1,1,2-tetrafluoroethane, in which the weight ratio

of 1,1,1,2~tetrafluoroethane: compound of higher polarity
is in the range 50 : 50 to 99 : 1.

10. An aerosol formulation as claimed in Claim 9 in
which the compound having a higher polarity is-selected
from ethyl alcohol, isopropyl alcohol, n-pentane,
isopentane, neopehtane, and mixtures thereof.

1ll. An aerosol composition as claimed in Claim 8 in
which the fentanyl or,physiologically'acceptable
derivative thereof is in the form of a fineiy divided
solig méterial coated with a surface-active dispersing
agent which constitutes at least 0.001% by weight of the
coated solid material, and is suspended in an aerosol
propellant comprising 1,1,1,2-tetrafluoroethane and
optionally an‘adjuvant having a polarity equal to or less
than that of 1,1,1,2-tetrafluoroethane.

12. An aerosol formulation as claimed in Claim 11 in
which the finely-divided solid material constitutes up to
10.0 percent by weight of the total composition and the
surface-active dispersing agent constitutes between 0.01
and 1.0 percent by welght of the finely-divided solid
material.

13. An aerosol formulation as claimed in Claim 11 or
Claim 12 in which the surface-active dispersing agent is
selected from perfluorinated sulfonamide alcohol
pPhosphate esters and their salts; perfluorinated alcohol
phosphate ester free acids andAtheir salts;
perfluorinated alkyl sulfonamide alkylene quaternary
ammonium salts; N,N-(carboxyl-substituted lower alkyl)
perfluorinated alkyl sulfonamldes and their salts; and '
mixtures thereof.
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14. An aerosol formulation as claimed in any one of
Claims 11 to 13 in which the propellant system comprises
i a mixture of 1,1,1,2-tetrafluoroethane and an adjuvant
selected from perfluoropropane, perfluorobutane,
4 octafluorocyclobutane, perfluoropentane, perfluorohexane,
perfluorotributylamine, perfluoromethylcyclohexane and

perfluorodecalin.
15. A pressurised aerosol inhaler comprising a container

containing an aerosol formulation as claimed in any
preceding claim and a valve capable of dispensing doses

of formulation.
16. A pressurised aerosol inhaler as claimed in Claim 15

additionally comprising control‘means to control the
dosing freguency from the valve.

17. A pressurised aerosol inhaler as claimed in Claim 16
in which the control means is constructed and'arranged
such that not more than a predetermined maximum number of
doses may be aispensed within a set period of time.

3NSDOCID: <WO__8007333A1_i_>
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